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SUMMAET 



Force-test measurements in ti<ro-dimensional flow have 
been made in the NACA 4- by 6-foot vertical tunnel- of the 
characteriat'iC8 of an NAOA 0015 airfoil equipped with a 
plain flap having a ohord 30. percent of the airfoil chord 
and a plain tab having a chord 20 percent of the flap 
ohord. The results are presented in the form of aerody- 
namic section characteristics for several flap and tab de- 
flections and for a sealed and an unsealed gap at the flap 
nose. 

The slope of the lift curve of the NAOA 0016 airfoil 
was slightly less than the slope of the corresponding 
curve for the previously tested NACA 0009 airfoil, hut 
the effectiveness of the plain flap in produoing. incre- 
ments of : lift was practically the same for both airfoils-. 
For the thioker airfoil the variation of flap hinge moment 
with angle of attack was about one-third and with flap de- 
flection about one-half. of that for the similar flap on 
the thinner airfoil. Unsealing the gap at the flap hinge 
axis had a greater effect on the characteristics of the 
16-percent-thick airfoil than on those of the 9-percent- 
thiok airfoil. 



INTRODUCTION 



The NACA has instituted an extensive investigation 
of the aerodynamio characteristics of control surfaces in 
an effort to determine the types of flap arrangement best 
suited for use as control surfaces and to supply experi- 
mental data for design purposes. The first phase of this 
investigation oonsisted of the experimental determination 
of the pressure distribution on the NACA 0009 airfoil with 
many sizes of plain flaps and tabs. The results of these 



tests have "been summarized in reference 1, which presents 
parameters for determining some of the characteristics of 
a thin symmetrical airfoil with a plain flap of any chord. 

The second phase of the investigation consisted of 
force-test measurements in tiiro-dimensi onal flow of the 
characteristics of an UACA 0009 airfoil with a 0.30c flap 
having variations in aerodynamic "balance, in the shape of 
the flap n"ee, in the size of the gap at the flap nose, 
and in the trailing-edge shape of a flap of thickened 
profile. The results of these tests are reported in ref- 
erences 2 and 3 and in the papers listed in the "bibliog- 
raphy. 

As a continuation of the investigation, tests have 
"been made to provide data for the NACA 0015 airfoil with 
flap arrangements similar to those already tested on the 
BACA 0009 airfoil. The present paper presents the aero- 
dynamic section characteristics of an UACA 0015 airfoil 
with a 0.30c plain flap and a 0.20o f plain tab. 



APPARATUS AITO MODELS 



The tests were made in the NAOA 4- "by 6-foot vertical 
tunnel described in reference 4. The test section of this 
tunnel has been converted from the original open, circular, 
5-f oot-diameter jet to a closed, rectangular, 4- by 6-foot 
throat for force tests of models in^ t\*o-dimensi onal flow. 
A three-component balance system has been installed in the 
tunnel in order that force-test measurements of lift, drag, 
and pitching moment may be made. The hinge moments of the 
flap and the tab were measured with special torque-rod bal- 
ances built into the model. 

The 2-foot-chord by 4-foot-span model (fig. l) was 
made of laminated mahogany (except for a metal tab) to the 
UAOA 0015 profile. (See table I.) For the present tests, 
the model' was equipped with a 0.30c plain flap and a 0.20c f 

plain tab. The nose radii of the flap and the tab were 
approximately one-half the airfoil thickness at the re- 
spective hinge axes. The "flap gap was 0.005c and the tab 
gap was 0.001c. Por the sealed-gap tests both the flap 
and tab gaps were filled with a light grease. 
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The model when mounted in the tunnel, completely 
spanned the test section except for small clearances at 
each end. With this type of installation two-dimensional 
flow is approximated; and the section characteristics of 
the airfoil, the flap, and the tab may he determined. 
The model was attached to the "balance frame by torque 
tubes that extended through the sides of the tunnel. The 
angle of attack was set- from outside the tunnel by rotat- 
ing the torque tubes with an electrical drive. Flap and 
tab deflections were set inside the tunnel and were held 
by friction clamps on the torque rods that were used to 
measure the hinge moments. 



The tests were made at a dynamic pressure of 15 
pounds per square foot, which corresponds to an air veloc- 
ity of about 76 miles per hour at standard sea-level con- 
ditions. The effective Reynolds number of the teats was 
approximately 2,760,000. (Effective Reynolds number = 
test Reynolds number X turbulence factor. The turbulence 
factor for the 4- by 6-ft vertical tunnel is 1.93.) 

The flap was set, in increments of 5°, at deflections 
from 0° to 30° for both sealed and unsealed gap tests. 
All the tab tests were made with both the gaps sealed and 
with the tab deflected in 6° increments. With the flap 
at 0° the tab was deflected from 0° to 26°; with the flap 
deflected 5°, the range of tab deflection was from 15° to 
-20°; at flap deflections of 15° and 25°, the tab deflec- 
tion range was from 0° to 20°. 



The coefficients and the symbols used in this paper 
are defined as follows: 




TESTS 



RESULTS 



Symbols 



airfoil section lift coefficient (l/qc) 




airfoil section profile-drag coefficient 



U 0 /qc) 



airfoil section pitching-moment coefficient 
(m/qc 3 ) 

flap section hinge-moment coefficient (hf/qCf 8 ) 
ta"b section hinge-moment coefficient (h^/qc^ 3 ) 

airfoil section lift 
airfoil section profile drag 

airfoil section pitching moment ahout quarter- 
chord point of airfoil 

flap section hinge moment 
tah section hinge moment 

chord of hasic airfoil with flap and tah neutral 
flap chord 
tah chord 
dynamic pressure 

angle of attack for airfoil of infinite aspect 
rati o 

flap deflection with respect to airfoil 
tah deflection with respect' to flap 
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The subscripts outside t'he parentheses represent the 
factors held constant during the measurement of the param- 
eters . 



Preci si on 

The accuracy of the data is indicated "by the devia- 
tion from zero of lift and moment coefficients at an 
angle of attack of 0°. The maximum error in effective 
angle of attack at zero lift appears to be about ^0.2°. 
fllap deflections were set to within ±0. 2°. Tunnel cor- 
rections, experimentally determined in the 4- by 6-foot 
vertical tunnel, were applied only to lift. The hinge 
-moments are probably slightly higher than would be ob- 
tained in free air and, consequently, the values pre- 
sented are considered conservative. The increments of 
drag should be' reasonably independent of tunnel -effect , 
although the absolute value is subject to an unknown cor- 
rection. Inaccuracies in the section data presented are 
thought to be negligible relative to inaccuracies that 
will be incurred in the application of the data to finite 
airfoils. 
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Presentation of Data 

Aerodynamic section characteristics of the NACA 0015 
airfoil with a 0.30c plain flap are presented as a func- 
tion of lift coefficient in figure 2. Figure 2(a) pre- 
sents the characteristics with the gap at the flap nose 
sealed; figure 2(h) presents the characteristics with the 
gap equal to 0.005c. Part of the data in figure 2 is re- 
plotted in figure 3 to show the effect of gap on the varia- 
tion of Cj^ vjith cj for three typical values of angle 

of attack. Increments of drag caused hy deflection of the 
flap are given as a function of flap deflection in figure 
4. The tah characteristics as a function of *ab deflec- 
tion at constant angle of attack for various flap deflec- 
tions are shown in figure 5. 



AERODYNAMIC SECTION CHARACTERISTICS 

Lift 



Figure 2 indicates that the lift curves of the NACA 
0015 airfoil for the various flap deflections are of the 
same general shape as the corresponding curves for the 
NACA 0009 airfoil (reference 2). At any given flap de- 
flection, however, the angle of attack at which the air- 
foil stalls was about 5° greater for the thicker airfoil 
than for the thinner airfoil; consequently, the maximum 
lift coefficient of the thicker airfoil was greater "by an 
increment Acj of about 0.4. This effect may he attrib- 
uted to the greater nose radius of the thicker airfoil. 

The slope of the lift curve Ci was 0.096 for the 

a 

flap with a sealed gap and 0.089 for the flap with the 
0.005c nose gap. The decrease in slope caused hy unseal- _ 
ing 'the gap agrees qualitatively with the results for the 
NACA 0009 airfoil. With the gap both sealed and unsealed 
the slope for the thicker airfoil was, howerer, somewhat 
less than for the thinner airfoil. 

The effectiveness of the flap in producing lift 




was -0.58 for the flap with sealed gap and 
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-0.46 for the flap with the open gap. The lift, effective- 
ness of the flap on the thicker airfoil was practically 
the same as that for the same chord flap on the NACA 0009 
airfoil. The fact that the effectiveness t*as greater when 
the flap nose gap was sealed than tirhen it was unsealed 
agrees with the test results for the NAOA 0009 airfoil. 
The flap was effective in producing increments of lift at 
all deflections for all angles of attack at which tests 
were made. Because of separation phenomena, however, the 
effectiveness at large deflections was not so great as at 
small deflections. 

_ The parameter ci , listed in table II, is a 

£ Wfree) 

> measure of control-free stability. The decrease in the 

slope of the lift curve with a free-floating flap was 
-J nearly independent of the flap nose gaps tested. 



Hinge Moment of Flap 

The nature of the distribution of pressure over the 
flap on the NACA 0015 airfoil is, apparently, different 
from that over the flap on the NACA 0009 airfoil. This 
condition is indicated "by the fact that the slope c^ 

r a ■ 

is much smaller for the thicker airfoil than for the 
thinner airfoil and that the curves for the thicker air- 
foil (fig. 2) are not so nearly linear over the entire 
angle-of-attack range as they are for the thinner airfoil * 
(reference 3). The air flow over the t rai ling-edge por- 
tion of the thicker airfoil is probably similar to that 
discussed in reference 3 for flaps of thickened profile 
and beveled trailing edges. The _aerodynamic character- 
istics of the plain flap on the NACA 0015 airfoil are 
remarkably similar to those reported in reference 3 for 
the NAOA 0009 airfoil with a flap of thickened profile 
and a long beveled trailing edge. 

The hinge-moment parameters for both gaps are given 
in table II. Because of the nonlinearity of the hinge- 
moment curves,- the parameters c hf^ a**" 1 °hfg f , . measured 

at 0° flap deflection and 0° angle of attack, respective- 
ly! represent the curves over only a small range of angles. 
The values of the parameters for different gaps are indic- 
ative, however, of the relative merits of each particular 
arrangement. For a complete picture of the merits of each 
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flap-gap arrangement, the entire set of hinge-moment 
curves (fig. 2) must he taken into consideration and too 
much reliance should not he placed on the values of the 
slopes measured at one particular point. 

In general, the slope o^. for the NACA 0015 air- 

t a 

foil with .a 30-percent-chord plain flap was about one- 
third as great as that for a similar flap arrangement on 
the NACA 0009 airfoil (reference 2). The slope Cfc- 

for the thicker airfoil was ahout one-half as great as 
that for the thinner airfoil. The effect of aspect ratio 
on the various slopes, is discussed in reference 1. 

tfigure 3 indicates that for small flap deflections 
at angles of attack of -8° and 0° the airfoil with a 
0.005c gap had a smaller hinge-moment coefficient at con- 
stant lift than the airfoil with the sealed gap. At all 
other attitudes of the airfoil and flap the hinge-moment 
coefficient for the unsealed flap was greater. Corre- 
sponding curves for the NACA 0009 airfoil (reference 2) 
show qualitatively the same results. 



Pitching Moment 

The slopes of the curves of the pitching-moment co- 
efficient as a function of lift coefficient at constant 
flap deflection and at constant angle of attack are shown 
in table II. The aerodynamic center was at the 0.23c 
point for "both sealed and unsealed gap conditions when 
the circulation was varied "by changing the angle of attack 
of the airfoil. This fact agrees vrith the test results 
obtained in reference 5. When the circulation was varied 
by changing the effective camber of the airfoil, that is, 
by deflecting the flap, the aerodynamic center was at the 
0.41c station with the gap unsealed and at the 0.42c sta- 
tion when the gap was sealed. The position of the aero- 
dynamic center for deflection of the flap is a function 
of aspect ratio (reference l) and moves toward the trail- 
ing edge as the aspect ratio is decreased. 



Drag 

Because of the unknown tunnel correction, the values 
of drag coefficients cannot be considered absolute; the 
relative values, hovrever, should be independent of tunnel 



effect. Increments of drag coefficient, plotted as a func 
tion of flap deflection in figure 4, were determined "by- 
deducting the drag coefficient of the airfoil with the 
flap and ta"b neutral from the drag coefficient with the 
flap deflected, with all other factors constant. At pos- 
itive flap deflections and positive angles of attack, the 
increment of drag coefficient was larger for the flap with 
unsealed gap than for the flap with the sealed gap. 

In these tests, the minimum profile-drag coefficient, 
uncorrected for tunnel effects, was found to he 0.0130 
for the NACA 0015 airfoil with the flap sealed at the 
hinge. Unsealing the gap increased the value of this co- 
efficient "by 0.0004, an increment that is of the same 
magnitude as the corresponding increment for an NACA 0009 
airfoil (reference 2). 



Tah Characteristics 

The increments of lift and flap hinge-moment coeffi- 
cients caused Dy tab deflection (fig. 5) were obtained "by 
deducting the coefficient with tab neutral from that with 
the tab deflected, with all other factors constant. The 
tab was effective in producing increments of flap hinge 
moment at all tah deflections tested and, in general, was 
more effective when the angle of attaok and the tah de- 
flections were of the same sign. The slope Cil 5 t was 

roughly -0.001, a value that is of the same order of mag- 
nitude as the value of the slope for a similar tab on the 
HACA 0009 airfoil (reference 2). 



The lift effectiveness of the ta"b 




was 



slightly greater than that for a similar ta"b on the NACA 
0009 airfoil (reference 2). With the flap deflected, 
however, the increments of lift caused hy ta"b deflection 
were of about the same magnitude for "both airfoils. 

The curve of the variation of tab hinge-moment coef- 
ficient with ta"b deflection was fairly linear, with a 

slope c h-fcc °f approximately -0.005. With angle of at- 
o t 

tack, however, the slope of the tab hinge-moment-coeffi- 
cient curves c ht a was positive over a small range of 

angles of attack. This fact can probably lie attributed to 
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the relatively thick trailing-edge profile on the NACA 
0015 airfoil and agrees qualitatively with the results 
presented in reference 3 for a flap of thickened profile. 
The effect of profile thickness of the flap, apparently, 
"becomes greater as the flap chord is decreased. 



CONCLUSIONS 



The results of the tests of the NACA 0015 airfoil 
with a plain flap having a chord 30 percent of the airfoil 
chord compared with the results of previous tests of a 
similar flap in the NACA 0009 airfoil indicate the fol- 
lowing conclusions: 

T. The slope of the lift curve for the NACA 0015 
airfoil was slightly less than that for the NACA 0009 air- 
foil and decreased when th6 gap at the flap nose was un- 
sealed. 

2. The lift effectiveness of the plain flap on the 
NACA 001b airfoil was practically the same as that of the 
similar flap on the NACA 0009 airfoil. Unsealing the gap 
at the flap nose appreciably decreased the flap lift ef- 
fectiveness, 

3. The hinge-moment curves for the NACA 0015 air- 
foil were not so nearly linear with angle of attack and 
flap deflection as those for the NACA 0009 airfoil. The 
slope of the curve of flap hinge-moment coefficient as a 
function of angle of attack was ahout one-third and the 
slope of the curve of flap hinge-moment coefficient as a 
function of flap deflection was ahout one-half of the cor- 
responding values for the similar plain flap on the NACA 
0009 airfoil. 

4. In general, the results indicate that, on "both 
the NACA 0015 and the NACA 0009 airfoils, the plain flap 
gave a greater lift effectiveness with smaller hinge mo- 
ments with the flap gap sealed than with it unsealed. 

The effect was smaller, however, for the thicker than for 
the thinner airfoil. 

5. The flap with a sealed gap gave a smaller minimum 
profile-drag coefficient than the flap with unsealed gap. 
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6. The- tab was effective in producing increments of 
flap hinge moment at all deflections at which tests were 
made and was slightly more effective when the angle of 
attack and the tab deflection were of the same sign. 



Langley Memorial Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Va. 
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. TABLE I.- ORDINATES FOB NAOA 0015 AIREOIL 
[Stations and ordinates in percent of airfoil cho 





upp er 




station 


surf ace 


surface 


U 


0 


u 


1 OCT 

1,25 


2+ 37 


— <5 , 37 


2,5 


3. 27 


-3, 27 


0 


A A A 

4. 44 


A A A 

—4 , 44 


7,5 


5 . 25 


— d , <Jb 


10 


5 . 85 


— D . oD 


10 


6.68 


a c a 
— o . ba 


20 


7.17 


-7.17 


25 


ri a rr 

7 . 43 


-7 , *<5 


30 


7.50 


-7.50 


40 


7.25 


-7.25 


60 


6.62 


-6.62 


60 


5.70 


-5.70 


70 


4.58 ■ 


-4.58 


80 


3.28 


-3.28 


90 


1.81 


-1.81 


95 


1.01 


-1.01 


100 


(.16) 


(-.16) 


100 


0 


0 



L. E. radius: 2,48 
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TABLE II, - PARAMETER VALUES EOR 0.30c- 
PLAIN FLAP ON A NACA 0015 AIRFOIL 



Parameter 


O.OOSo gap 


Sealed gap 


Kbit J 

°». «t 


-0.460 


-0.580 


VJ Vf { , « t 


. 089 


.096 


^ d Vfree 


.075 


.080 




.020 


.020 




-.170 


-.155 


f ^ 


-.0022 


-.0023 




-.0063 


"-.0080 






-.001 






-.005 






. -.21 



W54 



1 '.'i 
■ :l 




F/gurc /.- Two -fa of chord 

//A ca 00/5 airfoil 
W^h 0,30c p/a in flop 
and 0,20 cy fab 



> 
> 



<^=.30c — 

— >-\.OGC 



OOJC gap 



P/a/n flap with 0.005 n gap 



Grease sea/ 




Flap hinge axis 



P/ain flap wi/h sealed gao 



ti 

i — . 



BACA 



Fig.2a 
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A 




-1.4 -12 -1.0 -.8 -£ -.4 -2 O .2 .4 .6 .8 1.0 12 1.4 IB 1.8 20 

Airfoil section lift coefficient, Ci 

(a) Sealed gap 

Figure 2(a,b).- Section aerodynamio charaoteri sties of an NACA 0015 airfoil with a 0.30o plain flap. 




Figuro 3.- Variation of flap soction hinge-moment coefficient with airfoil section lift coefficient at 
soveral angles of attack and flap deflections. MACA 0015 airfoil, 6 t = 0°, plain flap. 
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Pig. 4 




figure 4.- Increment of- airfoil section profile-drag coefficient caused ■by- 
deflection of a 0.30c plain flap with soaled and with 0.005c gaps. 
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moment coefficient caused by deflection ,of a 0.20 plain 
fab. Plain 0.30c flap M+h seated a a p. r 
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Fig. 5c 
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def/ecf/on of a. (XSOCf p/ain tab.PfctinOJOcffap with seated gap. 



NACA 



Fig.5d 




o 

o 



e 



I 

I 



-16 "/2 -8 

j Tab deflection J*,deg , 

Continued. „„ mBn + rnpfTfcienf ond increments of airfoil 

^S^dSSSSTf'o. z°%p>°>» ** • ** 

'. seer/ ad gop 



